The effects of auxin polar transport inhibitors,9-hydroxyfluorene-9-carboxylic acid (HFCA); 2, 3, 5-triiodobenzoic acid (TIBA) and trans-cinnamic acid (CA) on leaf pattern formation were investigated with shoots formed from cultured leaf explants of tobacco and cultured pedicel explants of Orychophragmus violaceus, and the seedlings of tobacco and Brassica chinensis. Although the effective concentration varies with the inhibitors used, all of the inhibitors induced the formation of trumpet-shaped and/or fused leaves. The frequency of trumpet-shaped leaf formation was related to the concentration of inhibitors in the medium. Histological observation of tobacco seedlings showed that there was only one main vascular bundle and several minor vascular bundles in normal leaves of the control, but there were several vascular bundles of more or less the same size in the trumpet-shaped leaves of treated ones. These results indicated that auxin polar transport played an important role on bilateral symmetry of leaf growth.
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INTRODUCTION
Auxin polar transport plays an important role in different physiological processes of plants, such as apical dominance, cell division and differentiation,stem elongation and tropism [1] , [2] . And it was demonstrated that auxin polar transport was essential for the establishment of bilateral symmetry during the development of zygotic embryos [3] . In particular, some reports suggested that disruption of auxin polar transport resulted in aberrant organ formation at the shoot apex [4] [5] [6] [7] [8] [9] [10] [11] . When the tobacco leaf and pedicle explants were cultured on a medium containing auxin polar transport inhibitors, the formation of trumpet-shaped leaf-like organs was observed [4] , [5] . In this paper, the systems of in vitro adventitious bud formation in the culture of Orychophragmus violaceus pedicel explants and Nicotiana tabacum leaf explants, and seedlings of Nicotiana tabacum and Brassica chinensis were used to show that diminution of auxin polar transport could induce the formation of shoot with trumpet-shaped leaves and/or fused leaves.
MATERIAL AND METHODS

Auxin polar transport inhibitors
Auxin polar transport inhibitors used in this study were 9-hydroxy-fluOrene-9-carboxylic acid (HFCA); 2, 3, 5-triiodobenzoic acid (TIBA) and trans-cinnamic acid (CA) (all from Sigma).
Plant materials and culture
The pedicels of Orychophragmus violaceus were surface-sterilized with saturated suspension of bleaching powder for 10 min, washed with sterilized water for 3 times, and then cut into 1.5 cm long segment and placed on MS medium [12] containing zeatin (1 mg/L), IAA (1 mg/L) and different concentrations of the auxin polar transport inhibitor HFCA. The leaves of tobacco (Nicotiana tabacum L.) cv. Ge-xin No.1 were also surface-sterilized with the same method, and then cut into slices of 1 1 cm 2 and placed on MS medium containing 6-BA (2 mg/L) and different concentrations of any of the auxin polar transport inhibitors HFCA, TIBA and CA. The pedicel and leaf explants were checked and recorded after 30 days of culture. After surface-sterilization, seeds of tobacco and Brassica chinensis (cv.Ji-mao-cai) were germinated on MS medium containing an auxin polar transport inhibitor (HFCA or TIBA). The seedlings were checked and recorded after 60 days of culture. All the experiments were repeated more than 3 times.
Histological observation
The trumpet-shaped and fused leaves of 60 d cultured tobacco seedlings in the media containing auxin transport inhibitors and the normal leaves of tobacco seedlings in the control media were fixed with FAA solution for 24 h, then the specimens were dehydrated, infiltrated, embedded and sectioned to a thickness of 10 μm. The sections were stained with hematoxylin and safranin by the routine method [13] .
RESULTS
Effects of auxin polar transport inhibitors on adventitious bud formation from cultured explants
When the tobacco leaf explants were cultured on MS medium containing 6-BA (2 μg/L) and the pedicel explants of Orychophragmus violaceus were cultured on MS medium containing zeatin (1μg/L) and IAA (1μg/L) for 30 d, adventitious shoots were differentiated with normal leaf. But when auxin polar transport inhibitors were added into the above-mentioned medium, adventitious shoots were differentiated to trumpetshaped leaves and/or fused leaves (Fig 1A, B) . The frequency of formation of adventitious shoots with trumpet-shaped leaves varied with plant species and the concentrations of the inhibitors used (Tab 1). Trumpet-shaped leaves and fused leaves could be formed in all the node positions of adventitious shoots in tobacco.
Gene delivery system targeting VEGF receptors
Effects of auxin polar transport inhibitors on leaf pattern formation of the seedlings One of two auxin polar transport inhibitors (HFCA and TIBA) was added at various concentrations to the media in which the seeds were germinated. All the inhibitors used could induce the formation of trumpet-shaped and/or fused leaves (Fig 1C, D , E). The frequency is related to concentrations of the inhibitors (Tab 2). Abnormal leaves were usually formed at the 4th or 5th leaf position of the seedlings. The trumpet-shaped leaf could also be formed occasionally at the first foliage leaf position. In addition, HFCA and TIBA also inhibited root growth and induced formation of calli from roots of Brassica chinensis seedlings (e.g. 42.3% germinated on MS medium containing TIBA 15 μg/L).
When the seedlings with trumpet-shaped leaves were transferred to a medium containing 1/2MS salts [12] for two months , normal shoots developed from the center of the trumpet-shaped leaves in some seedlings, but abnormal ones swelled at their base and could not grow normally.
Histological observation
Histological examination was carried out to compare the trumpet-shaped and fused leaves with normal ones. In transverse section, there was only one main vascular bundle and several minor ones in normal leaves, but there were two main vascular bundles in those of fused leaves (Fig 2D) and more vascular bundles of more or less the same size in the trumpet-shaped leaves (Fig 2A, B) . In longitudinal sections, there was meristem present at the basal part of trumpet-shaped leaves (Fig 2C) .
DISCUSSION
Since the discovery of the polarity of auxin transport by Went [14] and its quantitative description by Van der Weij [15, 16] , two questions have intrigued plant physiologists: how is the polarity of auxin transport achieved in plants, and what is its significance? Much knowledge about the effects of auxin polar transport on plant growth and development has been obtained by using the inhibitors and plant mutants of auxin polar transport [1, 6] .
In the previous work, it has been demonstrated that cylindrical cotyledons could be formed in Arabidopsis mutant (pin1-1) [3] and tobacco mutant (lat) [17] whose auxin polar transport activity was reduced. And it was reported that both the seedlings of wild type tobacco from the seeds germinated on the medium containing both cytokinin and inhibitors of auxin polar transport and the seedlings of ipttransgenic tobacco (whose cytokinin level has been elevated) on the medium containing auxin polar transport inhibitors alone developed saucer-shaped leaves, but the wild-type tobacco seedlings planted on medium containing the inhibitors alone did not develop that kind of abnormal leaflike organ [10] . However, the results presented here showed that inhibition of auxin polar transport by the inhibitors alone during seed germination of tobacco and Brassica chinensis was suffcient for the formation of trumpet-shaped leaves, possibly due to longer treatment in experiments. Inhibition of auxin polar transport could result in the formation of trumpet-shaped leaves in the cultured leaf explants of Crassula arboresiens and tobacco [4] and pedicel explants of Orychophragmus violaceus. And several reports have shown that disruption of auxin polar transport led to form cylindrical leaf-like organ at the shoot apex of Bryophyllum daigremontianum [7] , Lens esculenta [11] and caused the formation of enlarged globular or oblong embryo in carrot somatic embryogenesis [9] . All these indicated that auxin polar transport is essential in foliage leaf pattern formation and supported the idea that cotyledons and foliage leaves are homologous structures [18] .
Liu et al found that inhibitors of auxin polar transport could induce the formation of cylindrical cotyledons in Brassica juncea [3] . They proposed two possible models to explain the mechanism for forming cylindrical cotyledons. In both models, they proposed that auxin polar transport resulted in suitable concentration of auxin in cotyledon-forming regions to initiate the formation of cotyledon primordia. When its transport was blocked, the excess of auxin accumulated would be distributed through diffusion in a circular area so that cylindrical cotyledons were formed. Because of the similarity between the two phenomena (cylindrical cotyledones and the trumpet-shaped leaves described here). It is reasonable to believe that these models can also explain how the trumpet-shaped leaves were formed. In addition, it was reported that auxin transport inhibitors blocked the transport at the effux carrier [19] . But higher concentrations of auxin polar transport inhibitors were essential for blocking auxin transport. For example, CA (an inhibitor of auxin polar transport) at 100 mg/L could enhance significantly the frequency of trumpet-shaped leaf formation (Tab 1). The results presented here also showed that in most cases, trumpet-shaped leaf was formed at the 4th 5th leaf node of the seedling, though some of them were formed at the different node including that of the first foliage leaf. The shape of leaf primordium has been considered as one of the three factors determining the final shape of leaf [20] , thus it is possible that inhibition of auxin polar transport induced a change in the shape of leaf primordium to form trumpet-shaped leaves. Once normal leaf primordium has been formed, it seems not possible to develop such abnormal leaves. That could explain the phenomenon that trumpet-shaped or fused leaves were usually formed at 4th or 5th leaf node in our experiments. It was reported that making a shallow cut between the shoot apex and a leaf primordium when the latter was less than 50 μm in length could make it grow into a taper-like one [21] . It implies that the signal exchange between primordium and shoot apex is important in the development of leaf primordium. Therefore, auxin polar transport inhibitors might interfere with this kind of signal transport by affecting the transport and distribution of auxin, and as a result, causes change in the shape of leaf primordium.
Okada et al found that in Arabidopsis mutant pin1 the auxin polar transport was inhibited and the phenotype of the mutant was the same as that of wildtype plants treated with auxin polar transport inhibitors [6] . This work correlates the mutants (the genes) and the auxin polar transport for the first time. Recently several pin genes have been cloned by Dr. Palme s group in Max-Planck Institute of Plant Breeding in Köln, and one of them (pin1) is correlated to the mutant pin1-1 described by Okada. Due to the PIN protein predicted from pin1 sequence having typical membrane domain, they consider that PIN1 may be an auxin transporter [22] . According to the fact that protein kinase inhibitors could reduce the auxin polar transport activity in etiolated pea seedlings, it was suggested that inhibition of protein phosphorylation could lead to the hindrance of the auxin-exporting function of NPA receptors [23] . The research on pin gene, and its expression and regulation in plants will be helpful in understanding the effects of auxin polar transport on plant growth and development and their molecular mechanisms.
In conclusion, the data presented here showed that auxin polar transport plays an important role in leaf morphogenesis. Interference with this transport causes a failure in the formation of bilateral symmetry in foliage leaves and results in the formation of trumpet-shaped and/or fused leaves.
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